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Abstract

Hydrophilic interaction chromatography (HILIC) is able to retain and separate hydrophilic peptides that are not retained on an octadecyl silica

column in reversed—phase liquid chromatography (RPLC). It has been reported that separation selectivities in HILIC and RPLC methods dif-

fered significantly. In order to clarify the differences of selectivities, a set of “hydrophilicity retention coefficients” in HILIC of peptide is pre-

sented. The contribution of each amino acid residue to retention on HILIC column was calculated by linear multiple regression analysis using

121peptide retention times. A set of the hydrophilicity retention coefficients on each column successfully explained the contribution degree of

retention. In this review, recent developments in the separation of peptides by HILIC using polar sorbents and less polar eluents, and the dis-

cussion of retention selectivities using hydrophilicity retention coefficients, have been summarized.
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FoTW5hb,

RPLC IZRFFD 2 WB KL & %2 L CRFEELSBET 2
HPLC E— F& L C, #4E, HILIC (Hydrophilic
Chromatography) [4, 5] 25 EH SN X H - T& 7,
UL, AREE (FI12 ACN) RET0% DL TR R EE A
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DWBFIHBFT Y, RTFF, &7y, 738,
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[4, 8] 19904251, EHRMDEFOSH~LIGH S
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WS BB EAEH, SEMEEHSEE LT, b
HEhTws [5, 23]o F72, HILIC DRFHEME L, Bk
M2 BB D )V 7 BB & e E ol S h kg &
OMOW - WA TH 5 & —HIICHFIN TS [4],

38 i & 3R 3 5 R TP AL &9 @ HILIC 73047 1213,
KBH O HrVEHEMET LIV D H T 203K A
ENLOIHL [24-26], <_T7F Ko HILIC 78I B W T
X, BAGEREZETLIATLBHEHENRTHE, YA
BTN, M EDYT ) — VI BB L OBICE)  KER
A BEMEARICE ST, HILICMENE D EEZ S
NTwa [27], BREZBH LN I 2BV TIE, EIC
EHREE & WE & ORI < M EAEHIZ X o T HILIC 4 &
NaBHs, EIZ, oy s ) —VEICK B4 F VSRR
EH & HILIC 73 BEICZ RICBEE LT AT L 2RABT I 4
EhD b,

PolySulfoethyl A [4, 5, 28 —30] % NH2, Polyamine
[39], DEAE, CM [20] # 52D X I A F 55w
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Tablel HILIC column for peptide separation

Brand name Functionality Mobile phase Peptides
SubstanceP and small peptides [4-5], synthetic model peptides [31],
Salt gradient in TEAP buffer with ACN tyrosine protein kinase [32], major tyrosine protein kinase[33]
synthetic model peptides [28], polyphenolic protein [34],
ACN gradient, 0.2%H3PO4 with ACN hydroxyproline—rich glycoprotein [35],
PolyHydroxyethyl A Hydroxyc.athyl small peptides [4,5,36], Antistasin (ATS) and recombinant—ATS
aspartamide [37], ovalbumin and GKEGLRFMKGA [38], atosiban1—(3—mer-
captopropanoic acid)-2—(O- ethyl D— tyrosine)—4—Lthreonine—8—
Isocratic, TEAP buffer with ACN L-ornithine—oxytocine [39]
low molecular weight autocrine growth factor [39],
ACN gradient, TEAP buffer with ACN vector—mediated peptide [40], diuretic peptides [41]
SubstanceP and small peptides [4-5],
PolySulfoethyl A Sulfoethyl Salt gradient, TEAP buffer with ACN | synthetic model peptides [28-30]

aspartamide

ACN gradient, TEAP buffer with ACN

synthetic model peptides [28],

ACN gradient, 0.1%TFA with ACN

standard and digest peptides [8], digest and synthetic peptides [8,27]

TSKgel Amide-80 Amide ACN gradient, ammonium acetate with | taste—active peptides [42], dipeptide [43], small peptides [20]
ACN
ZIC—HILIC sulfoalkylbetaine ACN gradient, ammonium formate with | digest peptides [44—46]
ACN
Altantis Underivatized ACN gradient, ammonium formate with | glycine betaine [47]
ACN
. . atosiban1—(3—mercaptopropanoic acid)-2—(O—-ethyl D—tyrosine)—
Sph b NH2 A
phensor mine Isocratic, TEAP buffer with ACN 4-Lthreonine—8-L—ornithine—oxytocine [39]
. . atosiban1—(3—mercaptopropanoic acid)-2—(O—ethyl D—tyrosine)—
Pol I Pol
olyamine olyamine Isocratic, ammonium acetate with ACN 4—-Lthreonine—8—L—ornithine—oxytocine [39]
SynChropak CM300 Carboxyl Salt gradient, TEAP buffer with ACN acetylated core histones [48],
PolyCAT A Aaspartic Salt gradient, TEAP buffer with ACN phosphorylated H1histones [49]
TSKgel DEAE-2SW | Diethylamino, ACN gradient, ammonium acetate with | small peptides [20]
TSKgel CM-2SW Carboxyl ACN
TSKgel OH-120 Hvdroxvlic ACN gradient, 0.2%TFA+0.2%TEA with | digest and synthetic peptides [27]
X
TSKgel Silica-60 yaroxy ACN
Lichrosorb Diol Hydroxylic ACN gradient, 0.1% TFA with ACN PeptideT [50]

T5 59 wREEMEHVDI5E, BELEOBITA A+ V3
GAHEEHOBRERKREL b LEZ LN, EHIES 2R
REPBEONE, TO X9 %48 € — Fi, HILIC-IEX
mixed mode [5, 28—30] & LCTHEEIN TS, HL, A4
F VWA EAEH OB SR REL LB L, RPLC TS X< #
BENDL LI, E—=BRPFFLLLEL 2oz, HW
i, WEEH LR RAMENE LS, TOWEITIE, B
BHOA & ViEEE LIPS0, BEREIOKE LY Y BERE
BHERHT 202002 EDLZ L% 5 (28], BATAYIC
22— IFNTHEEEZLNTVWDLET I NI T LR ZIC-
HILIC /1 T 213, A 4 YW GHESERP L wEEZ S
No7:0, HEECTRIBELEHERE ACN L 2HAAD
BB R AR CE 5, 21U ESI-MS D6t
E—BAEBIIL TS, LaL, BEOMBIZL>TIL, %

MEDY 5 =N DA F YR EMEHDTET &, -
IWT=N I TTHIEDRDH D, TDL) BREAIE, wak
DEHIBREMDA F ViREE FIFAMIC, TFA & & DR
WEEZ WL LR EINDZ EDHBHA [8], ThITESI-
MS IZIEE X v,

3. BUKTEDRRRENC X % HILIC fREZE 0% 52

M~ 7 F F10fE%3H 2 HILIC & RPLC Tt L /-7 0~
NS AER 1R L7, AGSE (Peak No. 6) 1%, RPLC T
H%0ODS #F 4 (Fig. 1 (A) IZBWT, K4 FRY 2—24
ECEE LR S e was, HILIC T, Wihoh 54
IZBWTH L LREEEN TS (Fig. 1 (B-D))o RPLC 2B
WTH T DHIRFRFIN TV ASTTINYT (Peak No. 9)
DX HBPKESRTF F D, HILIC I2BW TSR
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Comparison of chromatograms of peptides separated on (A) TSK
gel ODS-80Ts, (B) TSKgel Amide—80 (amide column), (C)
TSKgel OH-120 (diol column) and (D) TSKgel Silica—60 (silica
column). The peptide mixture was separated with (A) 83.3min lin-
ear gradients of acetonitorile from 5 to 55% in 0.1% TFA and (B—
D) 70min linear gradients of water from 3 to 45% in 0.2% TFA+
0.2% TEA.

Peak identification: 1, FY; 2, FGGF; 3, FLEEI; 4, DYMGWMDP-
NH2; 5, NFTYGGEF; 6, AGSE; 7, WAGGDASGE; 8,
YGGFMTSQKSQTPLVT; 9, ASTTTNYT; 10,
VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSH-
PETLEKFDRFKHLKTEAEM*; M*: homoserine

This figure is taken from Ref [27].

TWwb, —7%, RPLC T35 RSN 5 FLEEI (Peak No.
3) £ DYMGWMDP-NH2 (Peak No. 4) @ X 9 ZBik{E~< 7
F NI, HILIC TP RSN, TIFATAITE
W, YGGFMTSQKSQTPLVT (Peak No. 8), ASTTTNYT I,
CONEIEH L7225, VA=A TL YA T AT
L CHY, WIZFGGF, FLEEI X7 I FH S AT, D
NI L7225, YU A HFATIRHELTWS [27].20
X IICHILIC D& 5 A MIZBWTH, @IREICET DA
Bdhbo ZDXH)HHRIE, RTFFEWET L7 I B
OO EBED, # AL TRESTWAETDITAE
LadnEEZLNSE [9-10]c YU A, TI AT A,
VA —=NVA T AIBIF L ENENO BRI E A
L, BENZEREOENEERTLRANE BN
RPLC IZBW T, RIEFFERIIMBR I NS 7 IV BEEo
HRFRBEOMTH L 2 PR IN TS [11-15],
DEZFIHEDNT, T3 BEHID Do T D 121HH
DORTF RFEZNEFNOHILIC 7 5 L2 THEEL, Bo5hi:
FERMORFEREH 2 NIONTRTHRIERICT 4 v P&, £7 3
J BFRIELOBUKERFR 2 BN LT 5 [51],
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Relationship between observed retention times of peptides and
predicted retention times on the silica column based on the
hydrophilic retention coefficients by linear regression analysis. The
correlation coefficient is 0.98. The each number in Figure is the
peptide used as a probe. This figure is taken from Ref [51].

ZZTT obs (FFEMORIFRER, n i jIZiRTF Fhoj7
I BRIEOB, DT I BEERIE O BRI REREL, ter-
minus X i X7 F ¥ O KutR

B 2%, FHESINZZBKERIMREEZHNT, YU A AT
AIBFBTF FORFEREMEZFUL, FUMEITHT LTS
oy FL72bDTHS [51], PO FIEXRTF FERL
TWb, RT7F FORY, REFFREFICOWTIE, XH51%2 S
Bahzzv, ShroW\oSrkt i, YU I IAICHL
T, FHMEE S E oI, BRIFREBER D 5, —
Ji, TIFRIF—NH T AIZo0WTIE, RUNTRTHIE
KRCHE L2270 & EE E 0BRGN o —T L
PRS2t EhTws [9], T —T LM
BREZEBLT, 7TIFROCTVA—VAFAICHLTIE, BT
R L) B BEROEFTVRICT =5 %274 74 v 8%
Twa [51],

Tobs =AY log(1+nijxD’j +terminus) +B  (2)
J

ZZTT obs ZFEMOLRIFRER, n i jiZiRTFFhDjT
I WRIEOH, A, BIIRE, Djidj T I BOBKER
FR%E, terminus X i X7 F FOKmRE,

ARSI N BUKERFFREE VT, 7I PRI+ -1
BT KB HNRTF FORFERMZ PR L, FEHMHEIS L
T7ay FLAbDERS3, 41RLTWwA [51], H#boh
72307, TIFROEIVF =T 2DEKREEREI,
K2ITRLTWD, HIZ, &7 T 5OBKERFRE R ik
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Table 2 Hydrophilicity and hydrophobicity retention coefficients

Amino acid Hydrophilicity retention coefficient Hydrophobicity retention coefficient
Three—letter code
(One-letter code) Silica Amide Diol ODS
Ala(A) 0.41 0.21 0.06 0.13
CMC(C) 1.19 0.39 -0.35 1.57
Asp(D) 0.08 1.79 1.15 0.10
Gluw(E) 0.10 1.76 0.67 0.27
Phe(F) -1.27 224 ~0.91 171
Gly(G) 0.60 0.30 0.29 0.22
His(H) 3.07 3.65 2.59 0.34
Teu(I) -0.59 -1.55 -0.55 1.38
Lys(K) 2.56 3.15 3.04 0.05
Leu(L) -0.84 -2.11 -1.26 1.34
Met(M) ~0.41 -0.85 ~L11 0.85
Asn(N) 1.49 2.24 1.93 —-0.45
Pro(P) 1.91 0.67 0.34 0.48
GIn(Q) 2.69 3.08 2.58 0.36
Arg(R) 2.20 3.59 2.15 0.26
Ser(S) 1.22 2.04 2.28 0.18
Thr(T) 0.87 1.23 0.39 0.12
Val(V) -0.90 -1.46 -0.81 0.38
Trp(W) -1.80 -1.73 -0.36 2.34
Tyr(Y) -1.80 -1.04 -0.90 1.23
b value 14.65 8.00 6.61
50 40 1
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Predicted retention time /min Predicted retention time /min
Figure3 Figure4

Relationship between observed retention times of peptides and pre-
dicted retention timeson the amide column based on the hydro-
philic retention coefficients by non-linear regression analysis.
Constants are A=24.15 and B=-52.36. The correlation coefficient
is 0.96. The each number in Figure is the peptide used as a probe.
This figure is taken from Ref [51].

-11-

Relationship between observed retention times of peptides and pre-
dicted retention times on the diol column based on the hydrophilic
retention coefficients by non—linear regression analysis. Constants
are A=15.33 and B=-26.38. The correlation coefficient is 0.96.
The each number in Figure is the peptide used as a probe. This fig-
ure is taken from Ref [51].
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Figure5
Comparison of the present hydrophilic retention coefficients on
each column [] : silica column ; O : amide column, & : diol col-
umn
This figure is taken from Ref [51].
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HNORFFCEMT 2bDEEZ NS, T2, b FaFY
ROBHHEDOKE W Ser D19 A5 Thr X ) HIRFFICHEL R
FTwEFHEN TN 5,

Pro (ZB/KIY e B 2 Hi0 720, RIEMIZEICB W TR
WKERLZWH oINS Nz25, KL T, §XTH
H T AICBVTIEDEND - 720 FHERIZ Gly, Ala b FHw
LRESBKMEEFF - TV B35, 2O HILIC 5 R I2B v
T, TXTCOATACBVWTEDEHMKE S5 2 T\wb,

Trp, Phe, Val, Leu, Ile, Met DBUKEDOKE WT I /1
X, TRTOH T LAEBNTRFFICADEM AR L7z I
SEKMET I BRI, AREEEANEIREE S U v & HE
T&%, F2Tyr i, BAMERZRTE Fax i BikiEs
R R VBROM G % F0 7%, HILIC 128 L TIRBIUKINE
WAKEWE DR TH 72

CDEHIZ, FHILICH T AMIZBNWT, &HTORERL
DFEVPBIEIN TS Z EIFHBRIEG. BUKEERFEAR
X, FhEho HILIC FEMIZBIT 2 REOHEMOEAS W
TEBWICEETE, REEHOMINIIRLD Z EH0h
%o I TR LZBUKERFHREDAN ORI, Parker 5
OERH L [17]c L2 L&A 5, Parker b DB IKM:RFR
2503 RPLC 258 ENTWwW5b H DT, HILIC DFEEN %
BREFRBERBL TV L3020, ST X —
F—2&BE, BT I JBETH B Asp, Glu DIRFHRE D
ERD > B KEL, RIZT I FHD Asn, Gln, KIZk F
0¥ %49 % Ser, Thr, KIZ Arg, His, Lys D¥gHEMET
IO TH o720 Trp, Phe, Val, Leu, Ile, Met DBK
BT I VBIZOWTIRADEEZIY, RFICEML iy

Figure6
Relative order of elution of amino acids from various column. Tie
lines connect the same amino acid. Polyhydroxyehtyl A and Poly-
sulphoethyl A: Columns, 200x4.6 mm; mobile phase (isocratic), 10
mM TEAP (pH 2.8) containing 80%v/v ACN. RPC; Linear AB
gradient from water to ACN (0.1% TFA in each). SCX; Step gradi-
ent of increasing salt and pH. This figure is taken from ref [4].
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MRIZNE % fix R L, Arg, His, Lys, Asn, Gln, Asp, Glu
EESTHKMET I VBRSNS RER IS DS, SR E
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M9 7 IR H B bIF Tla % L, BSIE> TWAETH
Sirbe M5, F25KHILICH T4 DOMTHRIRED
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Hydrophillicity retention coeefficients on Silica

Figure7
Correlation of the present hydrophilic retention coefficient on the
silica column with hydrophobic retention coefficient on ODS.
One letter codes are shown in Table 2.
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Figure8
Correlation of the present hydrophilic retention coefficient on the
amide column with hydrophobic retention coefficient on ODS.
One letter codes are shown in Table 2.
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Correlation of the present hydrophilic retention coefficient on the
diol column with hydrophobic retention coefficient on ODS.
One letter codes are shown in Table 2.



DT RV, LALARDES [IFLdIIC] i LzL)1g,
RPLC 1B W CTHEH S N7 BUKERFHMREIC O Wi, W
LS 785 A — % —TdH 5 LogP & DHIZOWTH E
LENTHEY, RPLC OIRFFEE) & BUKM: & OBIRFEITIIC D
FHEN TS [14]. BAKERIFREIZOWTS, il T
BONTWIHLFENRNT A —F — LI - TS h, 5
B EDOEENHRFEINL,

5. 40 HILIC DY

HILIC & RPLC D& MR I8 QMIc % 5 LM TX 5
A, FORFBOBMEZREB LILET 22T, EmlIE
DFENHFHTELZ L EMA L7z THIZE Y EIRED
T, HILIC 2*RPLC 2 #i5E 3 A HMRICH 5 Z & PP T &
o BUIE, B4 R EREEZ A5 L 72 HILIC 7 7 A 0SB % &
N, TOEHRDEATYLD, EBEGHLTHRDL L, B0
BRI B, C— 2 BIROER, H T LORE
P EOMBEICHETT 5 2 & 4%\, FICHH, #iEshT
W5 HILIC % $ A%, RPLC 7 5 A DR L gL T, 4
REYIZHR < Zevye B2 B HILIC 7 5 A O E - BRI
ENTW5B, EED HILIC # 5 2DRFED )7L, RPLC A%
Wo7zk 5102, BTAAOMKTAL [52] €/ Y 214k [53
—54], MEH - BOE L [54, 55-57] NEHEA TV S,
ZLTC, 5B SNAEL RICHPLCIZBW T, #h %
WK 5—2oDE—F& LTHILIC PEEREEHZ R/
LOLPIHFINTVE, At IATHESRTVWS L)
{2, HILIC E— Fi& HPLC 7S BTk 4 T 20 HEE —
FiZZeoT@ bbb,
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